Background: Unanticipated difficulties during tracheal intubation are related to perioperative morbidity and mortality, but the success of direct laryngoscopic intubation depends largely on clinician's experience and the upper airway anatomy. The lightwand was introduced as alternative intubation technique, but the indicators of difficult lightwand intubation (DLWI) have not been identified. Accordingly authors conducted this study to identify subject factors that affect DLWI, and to compare these with those of difficult laryngoscopic intubation.
INTRODUCTION
Lightwands are now used for endotracheal intubation as an alternative to direct laryngoscopic intubation in Korea.
Furthermore prospective [1] [2] [3] [4] [5] [6] and retrospective 7) studies have
shown that certain subject-associated factors predict difficult laryngoscopic intubation. However, reported predictors of difficult lightwand intubation (DLWI) are inconsistent, and furthermore, it has not been established whether predictors of difficult laryngoscopic intubation also predict DLWI. According to Inoue, 8) lightwand intubation success rates are comparable with those of laryngoscopic intubation. Moreover, difficult laryngoscopic intubation can be relieved using a lightwand, 9, 10) and DLWI can be relieved using a laryngoscope. 10) Endotracheal intubation is the mainstay of current anesthetic practice, and the prediction of difficult intubation is major concern for anesthetists. Furthermore, unanticipated difficult intubation is associated with morbidity and mortality during general anesthesia. Accordingly, the authors conducted this study to identify the subject-associated factors that affect DLWI, and to compare these factors with those that predict difficult laryngoscopic intubation (DLSI).
MATERIALS AND METHODS
After obtaining institutional research board approval and written informed consent, 73 ASA PS Class I-III adult subjects scheduled to undergo a variety of surgical procedures requiring was bent at about 90 degrees near the proximity of its cuff, the subject's mandible was then elevated with a thumb and index finger, and the operating room light was dimmed, a mid- 
Data selection and analyses
In terms of the two indices used to quantify degrees of DLWI, the product of intubation time and number of attempts Initially, correlation analyses were performed to assess associations between each factor and the time-attempt product.
Correlations were described using Pearson's product-moment coefficient for BMI, IIG, TMD and NC, or using τ (Kendall's tau) for MC and HNM. Significance was determined using P values. Second, we searched for correlations between MC and the other factors, and those found to be correlated with MC were excluded to eliminate bias due to collinearity. Third, to identify fits between time-attempt product and candidate factors not correlated with MC, we used stepwise selection method. Fourth, only those factors selected during the previous step were investigated to identify fits between weighted sums and candidate factors. Correlations were estimated using Pearson's product-moment coefficient, except MC and HNM, which were estimated using Kendall's tau.
RESULTS
Intubation time averaged 18 ± 8 sec, and in 58 subjects, tracheas were intubated at first attempts. Number of attempts was not significantly different for different MC classes (P = 0.576). There was no failed intubation.
When assessing the influence of individual factors, significant correlations were found between the time-attempt product and MC and BMI (Table 2 ). Because NC, HNM, and CL were found to be significantly correlated with MC ( Fig. 1) , BMI, IIG, and TMD were included with MC in the third step. 
DISCUSSION
The reader should be aware that in the present study we did not dichotomize degrees of DLWI or predictors, such as, MC ≥ 3, 12-14) TMD ≤ 6.5 or 7 cm, 12, 14) IIG ≤ 4 cm, 14) or their scoring systems. 15, 16) Instead, we calculated the canonically weighted sum of intubation time and number of attempts, which provide the correlations between degrees of DLWI and the predictors. In addition, we excluded CL from the regression model to predict DLWI a priori and a posteriori.
Researchers tend to regard difficult intubation as a binary state or as a sum of several binary states, i.e., subjective feeling, 2,17,18) CL ≥ 3, 19, 20) and the need for external laryngeal pressure. 1) When described using binary states, difficult intubation can be easily understood, but such descriptions are oversimplification. Because difficult intubation is a subjective issue, we attempted to grade intubation difficulties in ways that were compatible with clinical situations. In the present study, DLWI was defined to be complex function incorporating intubation time and number of attempts. In addition, we also graded all study factors, except for limited head and neck motion. Furthermore, we adopted the assertion by Royston and colleagues 21) that although dichotomized predictors are straightforward, they introduce the risk of a considerable loss of power and residual confounding.
Our analysis is unique because the determined DLWI index is not simple product of intubation time and number of attempts. The inclusion of number of intubation attempts we believed minimizes errors associated with describing intubation difficulty in terms of intubation time alone, although it is debatable whether failure during an initial attempt constitutes a measure of difficulty. Moreover, we considered that the intubation time/number of attempts product exaggerated DLWI, and thus, we examined whether a DLWI was better described using a weighted sum. In the event our findings indicate that this enhances the strengths of correlations between DLWI and the predictors. The negative weighting for number of attempts that a lightwand can relieve DLSI 9, 10) and a laryngoscope can relieve DLWI vice versa. 10) However, weak influence of CL on DLWI was be extracted. Thus, the weak additional influence of CL on DLWI should be interpreted carefully, due to the probable collinearity between CL and MC ( Fig. 1(F) To find a matrix X satisfying EㆍX = λㆍX for any scalar λ, the eigenvector of matrix X was obtained. Weights, w1
and w2 were read in the first column, which represents eigenvectors, of matrix X.
Solutions
Correlation matrices were defined as;
Matrix E was found;
Its eigenvector was obtained;
Finally, w1 and w2 values were found to be 0.999955036 and w2 −0.009482981, respectively. The second index of degree of DLWI was set to 0.999955036ㆍtime −0.009482981ㆍ attempts.
